Vortices are fundamental localized objects which appear in many branches of physics. In optics, vortices are associated with phase dislocations (or phase singularities) carried by diffracting optical beams1. When such vortices propagate in self-defocustng nonlinear media, the vortex core with a phase dislocation becomes self-trapped, and the resulting stattonary singular beam is known as a n optzcal vortex soliton2. Such vortex solitons have been generated experimentally (e.g. by using a phase mask) within broad diffracting beams in different types of defocusing nonlinear media3.
We predict theoretically and observe experimentally stable propagation of spatially localized single-and double-charge optical vortices created in a self-focusing nonlinear medium by self-trapping of partially incoherent light carrying a phase dislocation.
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In contrast, optical vortices become highly unstable in self-focusing nonlinear media. Indeed, when a ring-like optical beam with zero intensity at the center and a phase singularity4 propagates in a self-focusing nonlinear medium, it always decays into several fundamental solitons flying off the main ring5. This effect has been observed experimentally in different nonlinear systems, including the saturable Kerr-like nonlinear media, biased photorefractive crystals, and quadratic nonlinear media in the self-focusing regime (see details in Ref.
) .
A number of recent theoretical papers6 suggest that the stable propagation of spatial and spatiotemporal vortexlike stationary structures may become possible in the models with competing nonlinearities in the presence of a large higher-order defocusing nonlinearity, but n o realistic phystcal systems to support these theoretical findings have been found so far. In this work we demonstrate, for the first time to our knowledge, that stable propagation of spatially localized optzcal vortices in a self-focusing photorefractive crystal can indeed be observed provided such vortices are created by partially incoherent light carrying a phase dislocation.
The experiment is conducted with a biased photorefractive SBN crystal. First, we reproduce the earlier experiments showing that a coherent single-charge (rn = 1) vortex light beam cannot stably propagate in a self-focusing medium. The vortex beam at the input face of the crystal is shown as Fig. l(a) . With zero biasing voltage, Fig. l(b) shows the natural diffraction of the vortex light beam. While a 2.5 kV biasing voltage is applied on the photorefractive crystal creating a Kerr-type self-focusing nonlinear medium, the vortex beam breaks up into two pieces [ Fig. l(c) ]. This vortex break-up observed in a self-focusing medium is due to the azimuthal instability, and it has been theoretically and experimentally demonstrated previously5. We use the rotating diffuser to introduce and control the light coherence. The degree of coherence of the vortex light beam can be estimated by the speckle size at the input face of the crystal [ Fig. l(d) ] when we stop the diffuser from rotating. As a voltage of 2.5 kV is applied on the crystal, Fig. l(g) clearly shows that the vortex light beam is stabilized by the reduction of the degree of coherence though two very unclear bright spots still can be seen on the opposite sides (top and bottom) of the ring-like intensity distribution. As we move the rotating diffuser further away from the focal point of the lens to make the light more incoherent [indicated by Fig. l(h) ] and apply a voltage of 2.5 kV on the crystal, Fig. l(k) shows the generated stable partially incoherent vortex sobton at the output face of the crystal.
We have also studied numerically the propagation of partially incoherent optical vortices in a photorefractive medium, employing the coherent density approach. We observed that the vortex azimuthal instability in a selffocusing nonlinear medium is suppressed for the light incoherence above a critical value. In conclusion, for the first time to oiir knowledge, we have ohserved the stable propagation of single-and doublecharge optical vortices in a self-focusing nonlinear medium. The vortices have been created by partially incoherent light beams carrying a phase dislocation and propagating in a photorefractive nonlinear medium.
